INTRODUCTION {#S0001}
============

Considered a cluster of several chronic diseases, the metabolic syndrome (MS) is defined as the combination of interrelated risk factors including abdominal obesity, insulin resistance, dyslipidaemia and high blood pressure \[[@CIT0001]\]. This metabolic profile is highly related to a sedentary lifestyle, leading to an association between MS and cardiovascular diseases \[[@CIT0001]\]. Evidence demonstrated a close link between MS, a state of chronic inflammation, and oxidative stress, which is also implicated in development of cardiovascular diseases \[[@CIT0002]\]. In this line, recent evidence showed that women are more prone to present a low grade and subclinical internal inflammation compared to men \[[@CIT0003]\].

Most of the studies concerning exercise training in obese populations have focused on the single analysis of anthropometric, physiological and/or biochemical parameters, without taking into consideration the possible health-related quality of life (HRQOL) afforded by exercise training. In this sense, a poor HRQOL is associated with a worse performance in the daily living activities \[[@CIT0004]\]. Moreover, health-related increments are associated with increases in self-management, adherence to therapies, and reduced number of hospitalizations and use of medications in type 2 diabetes melli-tus (T2DM) patients \[[@CIT0005]\].

It is known that moderate aerobic training improves the maximal oxygen uptake (VO~2~max) and lipid profile, reduces inflammation and oxidative stress markers, and ameliorates HRQOL parameters in overweight men and women \[[@CIT0006], [@CIT0007], [@CIT0008]\]. These favourable changes are proved to reduce economic costs related to these health outcomes \[[@CIT0005]\]. In spite of this, few studies have examined the impact of aerobic training as a single intervention on improvements in functional, biochemical, and HRQOL parameters in women with MS. Therefore, the aim of this study was to investigate the effects of moderate aerobic training on functional, anthropometric, biochemical, and HRQOL indices on women with MS.

MATERIALS AND METHODS {#S0002}
=====================

Participants {#S20003}
------------

Fifteen untrained women aged 49.82 ± 8.03 years old were recruited to participate in the study. Inclusion criteria for participation were (1) the presence of MS \[[@CIT0001]\]; 2) non-smokers; and (3) full medical screening with a sports science physician. The study was approved by the Ethics Committee of the Universidade Federal de Santa Maria (permit number 0032.0.243.000-07) and followed the statements of the Declaration of Helsinki and Ethical Standards in Sport and Exercise Science Research.

Study Design {#S20004}
------------

Before and after 15 weeks of exercise training, participants underwent anthropometric measurements, a flexibility test, and aerobic power testing in order to assess functional capacity. Blood sampling for serum and plasma analysis was carried out and a self-perceived quality of life questionnaire was also applied. To minimize a possible nutritional bias, participants were encouraged to maintain the habitual dietary intake during the study and filled in a 3-day diet record..

Training Protocol {#S20005}
-----------------

The training protocol was designed according to the exercise training recommendations for this specific population \[[@CIT0009]\]. All training sessions were supervised and the heart rate (HR) was continuously monitored using heart rate monitors (Polar RS 400, Polar Electro Oy, Kempele, Finland). Exercise training consisted of brisk walking and/or slow jogging on a treadmill 3 days per week. Intensity was controlled across the target heart rate reserve (HRR). The training sessions started with a 5 min warm-up performed on the treadmill at approximately 40% HRR and ended with a 5 min recovery and standardized stretching routine. The exercise duration and intensity were in the range of 30-55 min and 50-65% of the HRR during the 15 weeks of the training protocol.

Flexibility Test and Anthropometric Measurements {#S20006}
------------------------------------------------

The lumbar and hamstring muscles' flexibility was assessed by the sit-and-reach test before and after the training protocol. The participants sat with their feet approximately hip-wide against the testing box, kept their knees extended, placed the right hand over the left, and slowly reached forward as far as they could by sliding their hands along the measuring board \[[@CIT0009]\]. The longest distance reached on three attempts was registered. After that, subjects were weighed with a scale (Plenna, Sao Paulo, Brazil) and their height was measured with a stadiometer (Cardiomed, Curitiba, Brazil). Waist circumference was measured at the midpoint between the lowest rib and iliac crest, and hip circumference at the level of the greater trochanters of the femur.

Blood Pressure, Resting Heart Rate and Cardiorespiratory Fitness {#S20007}
----------------------------------------------------------------

The resting systolic and diastolic blood pressures were measured using a standard aneroid sphygmomanometer (BIC, Itupeva, Brazil) before and after the training protocol. The participant resting HR was measured during 5 min in the seated position and the lower value was registered. The cardiovascular fitness of participants was assessed by the one-mile track walk test on a track with Olympic dimensions \[[@CIT0010]\]. The measurement of perceived exertion was also monitored in each completed lap of the test with a modified Borg scale \[[@CIT0011]\]. Additionally, the HR and the time were recorded for each completed lap.

Blood Collection and Sample Preparation {#S20008}
---------------------------------------

Blood samples were collected following 12 h of fasting and participants were asked to avoid intense exercise during the previous 48 h. Blood samples were collected in 4 ml EDTA anticoagulant or serum separator tubes. Serum and plasma were separated by centrifugation at 600 x g for 15 min, and stored at -20°C for further biochemical analysis.

Biochemical Assays {#S20009}
------------------

Serum triglycerides (TG), total cholesterol (TC), high-density lipoprotein (HDL), glucose, creatinine, uric acid, urea and albumin were determined using commercially available assay kits (Labtest, Lagoa Santa, Brazil). Low-density lipoprotein (LDL) was calculated using the Friedewald equation \[[@CIT0012]\]. The serum activity of enzymes aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (AP) and lactate dehydrogenase (LDH) was also measured following manufacturer protocols (Labtest, Lagoa Santa, Brazil). Plasma non-protein sulfhydryl groups (NPSH) were assessed according to Ellman \[[@CIT0013]\] and expressed in nmol • mg^−1^ of glutathione (GSH). The formation of thiobarbituric acid-reactive substances (TBARS) in plasma was assayed as previously described \[[@CIT0014]\] and expressed in pg • dL^−1^ of malondialdehyde (MDA). The plasma activity of the pro-inflammatory enzyme myeloperoxidase (MPO) was measured spectrophotometrically by a modified peroxidase-coupledassay system involving phenol, 4-aminoantipyrine and hydrogen peroxide (H~2~O~2~) \[[@CIT0015]\]. The results were expressed in micromolar of quinoneimine produced at 30 min.

Quality of Life {#S20010}
---------------

The HRQOL was assessed in a face-to-face interview. Participants answered the 36-Item Short-Form Health Survey (SF-36) which was previously validated in the Brazilian population \[[@CIT0016]\]. Eight subscales (physical functioning, role-physical, bodily pain, vitality, general health, social functioning, role-emotional, and mental health) were calculated by a standard scoring protocol \[[@CIT0017]\]. Scores for each dimension range from 0 (poor state of HRQOL) to 100 (good state of HRQOL).

Dietary Assessment {#S20011}
------------------

Participants completed a 3-day diet record, in which they were instructed to measure and record the exact amount of food and drink consumed over 2 week days and 1 weekend day in order to determine total daily caloric intake before and after the training protocol. Dietary intake was determined using dietary analysis software (Dietwin, Sao Paulo, Brazil).

Statistical Analysis {#S20012}
--------------------

Data were expressed as mean ± standard deviation (SD). Student\'s t-test for parametric and Wilcoxon signed rank test for nonparamet-ric data were used to determine significant differences between the mean for the individual response to the training protocol. A two-way ANOVA (laps vs. before and after training) was used to compare changes in the cardiorespiratory test. SPSS 15.0 (Statistical Package for Social Sciences, Chicago, USA) was used, and statistical significance was set at P \< 0.05.

RESULTS {#S0013}
=======

Fifteen participants aged 49.46 ± 8.51 years and 164 ± 0.07 cm high completed the training protocol. [Table 1](#T0001){ref-type="table"} shows the functional and anthropometric data related to before and after training measurements. Among the 15 participants, the adherence to the training was 87% throughout the study.

###### 

Functional, anthropometric and biochemical characterization of female MS patients before and after the training protocol.

  Parameter                         Before            After
  --------------------------------- ----------------- ----------------------------------------------------
  Body Weight (kg)                  86.20±16.22       86.27 ± 15.80
  Waist Circumference (cm)          96.30 ± 12.51     93.24 ± 11.83 [\*\*](#TF0002){ref-type="table-fn"}
  Hip Circumference (cm)            114.77 ± 9.40     112.62 ± 11.03[\*](#TF0001){ref-type="table-fn"}
  Resting Heart Rate (bpm)          75.06 ± 9.33      69.33 ± 9.90[\*\*](#TF0001){ref-type="table-fn"}
  Systolic Blood Pressure (mmHg)    135.33 ± 18.94    127 ± 10.65
  Diastolic Blood Pressure (mmHg)   82 ± 9.41         77.33 ± 7.98
  VO~2~max (mL·kg^−1^·min^−1^)      23.89 ± 6.42      26.76 ± 5.80[\*\*](#TF0002){ref-type="table-fn"}
  Flexibility (cm)                  22.19 ± 9.45      25.85 ± 8.55[\*](#TF0001){ref-type="table-fn"}
  Total Cholesterol (mg·dL^−1^)     171.44 ± 27.23    158.44 ± 26.83[\*\*](#TF0001){ref-type="table-fn"}
  Triglycerides (mg·dL^−1^)         136.17 ± 79.87    114.20 ± 62.23
  HDL (mg·dL^−1^)                   43.30 ± 11.65     54.09 ± 12.76[\*\*](#TF0002){ref-type="table-fn"}
  LDL (mg·dL^−1^)                   100.90 ± 23.35    81.50 ± 25.60[\*](#TF0001){ref-type="table-fn"}
  Glucose (mg·dL^−1^)               106.24 ± 72.21    102.31 ± 28.21
  Creatinine (mg·dL^−1^)            1 ± 0.21          0.82 ± 0.18[\*\*](#TF0002){ref-type="table-fn"}
  Uric Acid (mg·dL^−1^)             4.68 ± 1.62       4.17 ± 1.44
  Urea (mg·dL^−1^)                  34.98 ± 12.46     25.34 ± 5.43[\*](#TF0001){ref-type="table-fn"}
  Albumin (g·dL^−1^)                3.81 ± 0.36       4.3 ± 0.78[\*](#TF0001){ref-type="table-fn"}
  LDH (U·L^−1^)                     294.34 ± 187.83   140.84± 117.3[\*\*](#TF0002){ref-type="table-fn"}
  AP (U·L^−1^)                      56.51 ± 21.28     48.85 ± 16.06
  AST (U·L^−1^)                     30.12 ± 21.81     29.53 ± 8.81
  ALT (U·L^−1^)                     45.41 ± 30.58     29.42 ± 17.34

Note: Values are expressed as mean ± SD. BMI = body mass index. VO2max = maximal oxygen uptake. HDL: high-density lipoprotein. LDL: low-density lipoprotein. LDH: lactate dehydrogenase. AP: alkaline phosphatase. AST: aspartate aminotransferase. ALT: alanine aminotransferase.

P\< 0.05

P\< 0.01 after vs. before training.

There were no differences in the body weight, body mass index (BMI), or systolic and diastolic blood pressures values after the intervention. However, the participants' waist and hip circumference values were decreased after the training protocol (P = 0.001 andP = 0.039, respectively). The training protocol also induced decreases in the resting heart rate (P = 0.007). In addition, the training protocol resulted in higher levels of predicted VO~2~max (P = 0.001) and lumbar and hamstring muscle flexibility (P = 0.004) when compared with baseline values. The exercise training reduced the serum levels of TC (P = 0.049), creatinine (P = 0.001), and urea (P = 0.007), while increases in HDL (P = 0.004), and albumin (P = 0.043) were found in the participants. The LDH activity (P = 0.005) was also decreased after the exercise training.

There were no significant changes in the HR and perceived effort ([Figure 1A](#F0001){ref-type="fig"} and [B](#F0001){ref-type="fig"}) along the 4 laps of the cardiorespiratory test when compared to baseline values. However, the time elapsed between pre- and post-exercise training in the third and fourth laps was decreased (P = 0.001 and P = 0.001, respectively) ([Figure 1C](#F0001){ref-type="fig"}).

![Cardiorespiratory test characteristics before and after AT in women with MS.\
Note: Heart rate (A), Borg scale (B) and time elapsed (C) along each lap of cardiorespiratory test.\
\* P \< 0.05 and \*\*P \< 0.01 for difference between before and after AT. Bpm: heart beats per minute. Borg Scale RPE: Borg rating of perceived exertion.](JBS-32-1134313-g001){#F0001}

Analysis of oxidative stress and inflammation markers in plasma are shown in [Figure 2](#F0002){ref-type="fig"}. The TBARS levels (P = 0.006) and the MPO activity (P = 0.002) were decreased after the training protocol in female patients with MS ([Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}, respectively).

![Effect of AT on oxidative and inflammatory plasma parameters. Thiobarbituric acid-reactive substances (TBARS) (A), myeloperoxidase (MPO) activity (B) and non-protein sulfhydryl groups (NPSH) (C) content.\
\*\*P \< 0.01 before vs. after 15 weeks of AT.](JBS-32-1134313-g002){#F0002}

The SF-36 showed increases in the physical functioning (P = 0.030), role-physical (P = 0.039), bodily pain (P = 0.048), general health (P = 0.046) and social functioning (P = 0.011) scoring scales after the training protocol in the female MS participants ([Table 2](#T0002){ref-type="table"}\].

###### 

SF-36 questionnaire subscales scoring of female MS patients before and after the training protocol.

  Scales                 Before          After
  ---------------------- --------------- -----------------
  Physical Functioning   74.00 ± 23.84   85 ± 10.35\*
  Role-physical          85.00 ± 26.39   98.33 ± 6.45\*
  Bodily Pain            60.27 ± 28.34   75.67 ± 17.98\*
  Vitality               59.33 ± 11.31   65.00 ± 8.66
  General Health         69.00 ± 18.30   78.33 ± 11.87\*
  Social Functioning     74.17 ± 20.30   90.83 ± 19.74\*
  Role-emotional         88.88 ± 27.22   86.66 ± 30.34
  Mental Health          66.67 ± 14      74.93 ± 19.09

Note: P\< 0.05 after vs. before training.

P\< 0.01 after vs. before training.

No differences were found in the total energy, carbohydrate, protein and lipid intake in the 3-day diet record of participants when comparing baseline and post-training values ([Table 3](#T0003){ref-type="table"})

###### 

Energy intake before and after the training protocol.

  Variables              Before             After
  ---------------------- ------------------ ------------------
  Energy intake (kcal)   1313.30 ± 400.31   1313.87 ± 419.81
  Carbohydrate (kcal)    767.33 ± 244.67    726.49 ± 277.17
  Protein (kcal)         292.49 ± 273.26    276.12 ± 165.95
  Lipid (kcal)           303.87 ± 156.46    301.67 ± 156.66

Note: Values are expressed as mean ± SD.

DISCUSSION {#S0014}
==========

In this study we found that moderate exercise training positively alters most of the functional and biochemical parameters together with reported HRQOL in female MS participants. The results revealed that 15 weeks of exercise training without diet prescription reduced cardiovascular risk factors, such as central obesity, lipid and lipoprotein profile. It is noteworthy that these positive changes were found despite body weight reduction in this group, indicating possible body adaptations that may precede weight loss. Moreover, exercise training intensity and frequency were sufficient to induce functional and metabolic favourable changes, such as increases in VO~2~max and flexibility, and decreases in LDH and MPO activities and TBARS levels.

The present results corroborate previous studies which have demonstrated that weight loss is not mandatory to obtain exercise training beneficial effects and cardiovascular fitness regarding total and abdominal fat obesity \[[@CIT0018]\], lipoprotein profile \[[@CIT0008]\], and HRQOL \[[@CIT0007]\] in overweight and obese participants. In this sense, it was found that 13 weeks of exercise training reduced waist circumference without a corresponding decrease in body weight in obese men \[[@CIT0018]\], suggesting that this variable may be assumed as the main precursor to favourable lifestyle changes \[[@CIT0018]\]. In the present study, most lipid and lipoprotein serum parameters demonstrated positive alterations after the training protocol. In this line, the effects of exercise training on LDL levels are controversial: while studies did not find a difference in longer interventions \[[@CIT0019]\], shorter training duration also resulted in lower levels of LDL in postmenopausal women without weight loss detection \[[@CIT0020]\]. Furthermore, an important finding of our study was that 15 weeks of exercise training at 50-65% of HRR may increase the serum HDL levels. Higher levels of HDL are of clinical relevance, considering that HDL is thought to have anti-inflammatory and antioxidant activities, among others \[[@CIT0021]\]. On the other hand, in accordance with other studies, changes in fasting glucose levels were not found after the exercise training \[[@CIT0019]\].

In this study, serum creatinine and urea levels were decreased after training, while albumin levels increased. It was recently hypothesized that exercise training enhances the renal profile, contributing to increased plasma renin activity, estimated glomerular filtration rate, and decreased albuminuria in MS subjects without chronic kidney disease \[[@CIT0022]\]. Additionally, a recent study has pointed out that serum albumin acts as a ligand binding and free radical-trapping molecule, presenting important circulating antioxidant activities \[[@CIT0023]\]. On the other hand, no changes in serum ALT activity were found in our study; it seems that this regular exercise effect may strongly relate to changes in body weight \[[@CIT0006]\]. Similarly, recent evidence highlighted that obesity reflects a chronic state of oxidative stress and persistent low systemic inflammation, in association with insulin resistance and cardiovascular diseases (CVD) \[[@CIT0002], [@CIT0020]\]. Decreased TBARS levels without weight loss have been previously reported for a similar population \[[@CIT0020]\], pointing to lower oxidative stress. Regarding inflammation, the decreased MPO activity induced by exercise training in our study is a remarkable finding, considering that HDL is known to be oxidized by the leukocyte and phagocyte-derived enzyme MPO \[[@CIT0024]\].

The above discussed biochemical effects induced by exercise training are well described in the literature. However, this study showed that 15 weeks of exercise training improved the physical functioning, role-physical, bodily pain, general health, and social functioning subscales of HRQOL in female MS participants without weight loss detection. In this context, a recent study with young adults described an association of higher physical fitness level with increased scores in physical functioning, general health, mental health, and vitality dimensions of HRQOL \[[@CIT0025]\]. This finding is clinically relevant considering that MS patients usually report physical appearance disappointment and daily physical functioning impairments as a result of breath shortness, pain on the weight-bearing joints, and/or reduced mobility \[[@CIT0026]\]. Furthermore, a decreased quality of life has been recognized as a predictor of higher DM and CVD risk \[[@CIT0027]\]. On the other hand, exercise training may improve quality of life, thus reducing higher health public costs \[[@CIT0005]\].

The results presented here are in accordance with previous studies that found exercise training and/or changes in lifestyle to ameliorate physical and mental health components through SF-36 application in patients with MS and T2DM, independently of changes in body fat, weight loss or aerobic power \[[@CIT0004], [@CIT0007]\]. This is a relevant finding, considering that most studies have focused on functional and biochemical profiles, leaving aside the HRQOL and its positive impact on free living. In fact, a better quality of life is associated with daily living activities such as rising, climbing stairs, walking several blocks and dressing \[[@CIT0004]\]. The effects of exercise training on physical functioning and general health are important, as the worsening in these domains is associated with higher insulin resistance, waist-to-hip ratio, TG, and reduced HDL levels \[[@CIT0028]\]. In this sense, we have found improvements in exercise capacity together with favourable biochemical adaptations and increased self-reported quality of life. Moreover, studies indicate that some of the exercise-related improvements in health, well-being and the psychological profile result from the interpersonal and emotional connections developed during the exercise training sessions in the group \[[@CIT0029]\]. Thereby, reduced quality of life may also have an impact on family and professional relationships, apart from individual happiness, considering that obesity is associated with a decreased self-concept and self-image, and increased anxiety and depression \[[@CIT0030]\]. The study must include as limitations the lack of parameters such as body composition assessment and the lack of a control group. Also, seasonal factors may have influenced blood pressure levels along the intervention.

CONCLUSIONS {#S0015}
===========

In conclusion, in this study we found that 15-week moderate aerobic training induces positive effects on functional and biochemical parameters, together with favourable quality of life improvements in women with MS despite weight loss detection. Further research concerning the mechanisms related to this enhanced quality of life despite weight loss should be carried out in order to increase the feedback to the physical trainees.
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